ABSTRACT
INTRODUCTION
Cryopreservation is a process whereby the cells or the whole tissue are preserved by cooling to an ultralow temperature of -196 °C such that it remains capable of survival upon thawing (Roshani et al., 2011) . In addition, the techniques of cryopreservation in liquid nitrogen is beneficial because of its wide range, long-term storage and little mutation on all the cells (XueThe International Journal of Biotechnology of microalgae over a long period of time (Gwo et al., 2005) . Using the cryoprotectants, or chemicals that protect the cells during the freezing, it will minimize the effects of ice crystal formation and increased solute formation. This research is beneficial in optimising a successful protocol for the cryopreservation of the Malaysian fresh water microalgal strain. The objectives of the study were to determine the effects of different concentrations of a cryoprotectant to cryopreserve fresh water microalgal strain and to compare three different protocols for the cryopreservation of fresh water microalgal strain.
MATERIALS AND METHODS

Materials
The stock culture of Chlorella vulgaris were obtained from the Environment Control Laboratory, School of Chemical Engineering, Universiti Sains Malaysia, Pulau Pinang.
Growth Medium
Chlorella vulgaris were grown in Bold's Basal Medium(BBM) comprising of fourteen different chemicals at the required molarity (Connon, 2007) . The microalgal suspension was placed on an orbital shaker at 160 rpm at room temperature under continuos ilumination of light pendarfluor lamps. The microalgal suspension was used for the experiment at the log phase as the cells were actively growing.
Cryoprotectant Solution
Dimethyl sulfoxide (DMSO) was used in this experiment as a cryoprotectant with different concentrations of 0%, 10%, 20% and 30%. DMSO was filter sterilized using a membrane filter.
The cryoprotectant was diluted with the BBM before being added to the microalgal suspension.
This will minimized the potentially deleterious effects of chemical reactions and to ensure a uniform exposure of the cryoprotectant during the addition to the microalgal suspension (Simione, 2009 ). Moreover, it will also reduce the potential of toxic effects to the cells.
Cryopreservation Protocol
Three freezing protocols were tested in this research on the Malaysian fresh water microalgal strain. Protocol 1 involved a rapid cooling technique whereby the microalgal suspension in the cryovials was directly plunged into liquid nitrogen at -196°C. Protocol 2 is a two-step slow cooling process, whereby cryovials containing algal samples were placed in the Nalgene™ Mr Frosty freezing container (at room temperature), filled with isopropyl alcohol.
This device allowed a cooling rate of -1°C min -1 . The Mr Frosty container were then placed into a
